Abstract
Introduction
Roads are a vital part of any transport system. They are like the intrinsic nerves that connect anything to everything. The efficiency of a road network in any city is crucial as it maximizes social and economic benefits. They play a significant role in achieving national development and contributing to the overall performance and social functioning of the community.
Pune is an upcoming boomtown in the ever-developing country of India. With the movement of the IT Industry into Pune, the number of people has increased exponentially and accompanied with this, is the rise in the number of vehicles; and as vehicles increase, the traffic does to, and with it, numerous problems. Pune is following the global trend towards increased urbanization; hence, there is an immediate need to ensure our city is pleasant, safe and a healthy place to live in. A functional transport system is a very important element in achieving urbanization.
With this uncontrollable growth, various solutions are being found to counteract the traffic to some extent. A popular choice is building flyovers to help the situation, but these are simply temporary, while helping in one area for a limited time, but worsening over time, as vehicles increase proportionally. Hence, we need a solution that is sustainable and eco-friendly.
Following any developed country's model, the optimum solution would be to encourage the use of public transport and of cycles by increasing safety and comfort while discouraging the use of personal motorized vehicles in every way possible. This being said, the problem of traffic has to be dealt with the idea of the number of people and how to increase convenience for the masses, and not the number of vehicles. Building flyovers just encourages the use of personalized vehicles; is this the message that we would like to give?
The road from Katraj-Swargate has augmenting traffic issues and in this paper, the patch from Shankar-Math to Swargate is being analyzed-the existing road conditions, the RBT system in place, the traffic problems that exist and how to counteract them. The reason for this choice is that during peak hours, there are huge amounts of pedestrians and RBT users, along with personal motorized vehicle owners and a few amounts of cyclists. This variation of users, along with the road being considered for construction of a flyover, makes it a perfect road to be designed as by taking care of all its users' needs, this similar design can be adopted in the rest of the city as well where such traffic situations prevail.
Hence, this paper places the microscope on this road and to gain a deeper understanding of the problems faced by questioning the various users, analyzing the existing geometric design of the road, comprehending the existing systems put into place, and analyzing the rate at which the traffic is increasing yearly. Getting a good hold of all this information, a feasible solution can be suggested.
Observations:
To acquire all the information the following studies were conducted across the road: a) A study of the cross-section and map conducted by a site visit of the existing road b) A study comparing the 2013 data to the 2014 data that was taken to understand the rise in traffic and converting it into PCU-Passenger Car Units to better visualize the situation and draw conclusions 
Map and cross-section :
The map and the cross-section of the chosen road are as follows. The widths given to the cycle track and the footpaths conform with the IRC: 103-2012, "Guidelines for Pedestrian Facilities: First Revision" Indian Roads Congress. 
Include Map
Traffic Details: Ignoring the bus lane again, we have a PCU/hr value of about 4794 for the 7m carriageway.
Having covered these details, how much is the allowable traffic on these lanes, according to the document by the Indian Road congress: "Guidelines for the design of interchanges in urban areas" (IRC: 92-1985). The equivalency factors are taken from IRC: 92:1985 on The Guidelines of Design of Interchanges in Road Transport, in which the procedure to calculate PCU is given which is to multiply the number of vehicle by its equivalency factor, that are as shown below. Considering the road in view, which is 7m wide, the PCU/hr value is 2500. However, it is much more than that. From this, if we further estimate the future needs, of an increase percent in PCU by roughly 9%, as suggested by the data given above, however assuming a 7% increase: As seen, as the years go by, the PCU/hr values go up significantly, it will hence become very difficult to handle the traffic issues. Hence, proper alternative methods need to be introduced before such conditions arise.
Current data gives the following information. From this, it is evident that 21 % of users use the bus on the chosen stretch and hence it becomes of utmost importance that these facilities should be improved for the greater part of the population, thereby encouraging more people to use the bus. It can be noted that the space occupied by one bus is equivalent to the space occupied by more than 30 cars, hence this will cause the traffic issues to reduce significantly. From the data given above, the average rate of increase is found to be approximately 7.37%, yet assuming an annual increase of roughly 5%, which being significantly less, but satisfactory for our analysis.
Assuming that the annual increase is 5%, we get the following: 
RBT (Rapid Bus Transit) System:
Pune was one of the first cities in India to implement a bus rapid transit (RBT) system along the HadapsarSwargate -Katraj corridor. This is a total of 17 km stretch which was developed at a cost of 124 crores initially.
The route from Katraj to Swargate has a separate bus lane, and this has caused the travel time to reduce significantly, hence is becoming a more preferred option for means of travel. Annual increase in the number of users is approximately 7%.
Fare:
The fare is approximately Rs 10 for one-way trip, while the AC one is for Rs 15. Bus fare on PMPML services starts at Rs 5, an increase based on distance. The fare, while broadly proportional to distance, tapers down as distance increases. Using a linear approximation, the fare structure is roughly Rs 5 plus 59 paise per km traveled beyond the first two kilometers. This is one third of that used in a personal vehicle.
Peak Hour: ETM (Electronic Ticket Machine) data indicate the exact time at which the tickets are issued. The hourly pattern of weekday ticket sales indicates that the peak hours are 9 a.m. to 11 a.m. in the morning and 5 p.m. to 7 p.m. in the evening. The daily demand pattern, shown in the figure, yields an overall peak hour factor of 11.5.
Diagram 5:
Graph showing the variation of the number of tickets purchased with the different timings of the day. 
Discussion:
Having understood the existing conditions, the following are the minor corrections that can be employed with ease and would result in an increase in safety and ease of travel for pedestrians and cyclists. These include: a) Continuity in cycle and pedestrian tracks b) Proper barriers put in place again to separate the RBT from the rest of the carriageway c) Cleanliness and arboriculture increased d) Stricter traffic control so as to avoid pedestrian crossings to be covered by the vehicles at signals e) Fining two-wheelers using the cycle tracks f) Having a 30 second interval time for pedestrians to pass at signals Beyond this, the main problem that still persists in that of the growing traffic. And for this, the optimum and highly feasible solution that can be suggested, at this point, is to use the RBT lane more efficiently. It already exists, and ideally, has a frequency of roughly 1.5 minutes. However, due to delays or breakages or due to any other causes, approximately 10 percent of these buses are cancelled and almost 40 to 50 percent are late, with three buses following one after the other.
If a system is developed where the buses are given the priority, as the significant percentage of users, that is 21%, are those of RBT and if the frequency of the buses is reduced by half to about 45 seconds, the number of buses increases to about 80 buses during the peak hour.
Once given priority and with a few minor changes to the signal, the efficiency will increase significantly, as a result, encouraging more users to use the RBT system, as it provides reduced travel time, and a much cheaper option.
London, the capital of United Kingdom, is a great example for being one of the best in the world when it comes to public transport and RBT systems. It has a frequency of 30 seconds and is 97.7% efficient, as shown by the report of 2012-3013 by TfL-Transport for London in their Annual Report, and United Kingdom has hence seen serious traffic reductions, as more than 60 percent of users use the bus or the metro.
In Pune, if this example is followed and the number of buses is doubled, that is 80 buses, the total available seats augment to = 80 * 40 + (.4 * 40 * 80) = 4480
Taking 4500 where, the number of seats per bus is taken as 40, and 40 percent extra has been added for the people standing. This accounts for an increase of about 100% from the current bus usage. Once this is increased and assuming that the buses are being used to their full capacity, and it is further assumed that this number of passengers is divided in the ratio of 5:1:1.5 among two wheelers: three wheelers: and four wheelers; the percent reduction in use of two-wheelers is 33.33%, of threewheelers is 36% and that of four wheelers is 32%. This leads to a PCU reduction of This is a significant reduction from the figure that was obtained.
Therefore, it can be seen that simply by doubling the number of buses, the PCU value can be reduced to approximately 30% of the carriage way.
These points to a reduction of approximately 41 PCU per bus, that is the space occupied by 41 cars.
Feasibility:
The RBT Depots already have more than 150 buses, while most of these are unused due to various faults, but with enough financial assistance, they can be restored to their working state in no time. Along with this, if a few more new buses, say roughly 50 more are bought and better training is given to the drivers and conductors the efficiency will definitely increase; not to mention the huge saving in road space.
Flyover or RBT?
If a flyover is to be constructed on this road, once it is completed, to what extent would it help? Following shows a table comparing the two situations. Therefore, it is clear to see that the RBT system is much more feasible, flexible and more importantly, a solution with great potential for the future.
Conclusion:
Pune is one of the boomtowns of India, and it will continue to be a boomtown for many years to come. One of the attributes that come with being a boomtown in this era is amorphous, amoeba-like growth. Change happens relatively fast, and our infrastructure needs to be as flexible as possible.
With the improvement in the automobile technologies, we have better, faster, more comfortable vehicles; but does a city like Pune possess the type of infrastructure and roads desired for such a thrilling experience? The traffic is not only escalating at uncontrollable rates; but also augmenting the concentrations of poisonous exhaust gases, noise levels, the parking problems accompanied with the deteriorating quality of life. With these alarming rates, where is the city headed? How much time and fuel will be spent stuck in traffic jams in the next five years?
With all these facts laid out, what can be done to combat these serious traffic issues? What are the other solutions available and how feasible are they? These questions lay the skeleton for this paper, which is a study, conducted on one of the busiest roads of the city-Satara Road, starting from Shankar Math to Swargate in Pune.
To attain solutions, there is a need to know the problems, and for this, surveys were done along with data been collected from reputed government offices. Data of the traffic survey conducted in two consecutive years, the RTO data showing the number of vehicles being registered, and opinions of the various daily users, along with the existing RBT System data.
From this, the percent of PCU increase from the year 2013 to 2014 was found to be approximately 6%. Also, that the existing PCU/hr value is well above the desired value of 2500, as suggested by the Indian Road congress: "Guidelines for the design of interchanges in urban areas" (IRC: 92-1985) . Lastly, the rate of registration of vehicles yearly was found to increase by about 7.37%.
After studying the complete situation that exists on this road, basic corrective measures were suggested to provide safety and ease of travel. These include, providing continuation of cycle and pedestrian tracks, provision of a 30 second interval at signals for pedestrians to pass, inclusion of pedestrian tracks at every signal, and stricter control towards following of traffic rules.
The main solution suggested, was to increase the number of buses from 40 to 80 during peak hours, hence making the existing RBT lane useful. The original frequency was found to be about 1.5 minutes from the data acquired from the Katraj Bus Depot. This frequency was halved to about 45 seconds. This resulted in a significant 30% reduction in the PCU/hr rate. Hence, it can be concluded that when the total number of buses is increased by one, it leads to a PCU reduction of 41 units. These results from this can be applied to the rest of the city. It is clear to see that improving the RBT System is a longterm, cost-effective solution, as supposed to building more and more flyovers, that only help the personalized users only, and hamper the public transport system gravely.
It has hence, become imperative to maintain the standard of transport required for the society and economy to function efficiently without placing too much pressure on the environment. It is necessary for governments to take up projects that will place importance to these factors, and find feasible solutions that can be devised to achieve the desired results. Implementation of solutions like improvement of the safety facilities and the RBT buses are the stepping-stones to help the aim of achieving a cleaner, greener and a happier city.
